Air-source heat pump heating system based on photovoltaic generation complementary with grid is proposed in this paper. When solar radiation is sufficient, the photovoltaic array provides power to the load. Otherwise, grid smoothly switches into the system to replace the photovoltaic array. The scheme of the system for a heating room is put forward, and the actual system is set up. Comparing with traditional heating method, operation efficiency of the system is improved significantly. Experiment results show that when photovoltaic generation replaces the grid, the distortion rate of load's current is small, and the system run smoothly.
INTRODUCTION
A new era of electric power system is raising, it takes new energy as the main ________________________ logo and strives to achieve comprehensive complementary use of multi energy [1] [2] [3] . The United States and the European Union put forward that the proportion of their utilization of renewable energy will reach 20% of the total energy consumption in 2020. China put forwards that it will reach 15% in 2020 [4] . As a typical renewable energy, solar energy has many advantages. Utilization of solar energy has become one of world's effective measures to deal with energy and environment problems [5] [6] [7] . In the process of the development of power system, photovoltaic power generation is changing from supplementary energy to alternative energy [8, 9] .
Air source heat pump is a new type of high efficiency and energy saving equipment. It is driven by electric energy and consumes a little high-grade energy (electricity). It absorbs the heat energy from external environment and transfers it into the heating room. It does not produce any emission and its average thermal efficiency as high as 300% above [10] . This paper proposed an air-source heat pump heating system based on photovoltaic generation complementary with grid. The heating system take photovoltaic array and grid as the power supply at the same time, when solar radiation is sufficient, photovoltaic array provide power to the loads, when solar radiation is insufficient, grid smooth cuts added.
STRUCTURE OF THE SYSTEM
The structure of the system is shown in Figure 1 . Photovoltaic array and distribution network are the power supply of the air source heat pump heating system at the same time. The direct current produced by photovoltaic array and the direct current comes from the rectifier/filter input to two diodes respectively. Because of the unidirectional conductivity of the diode, the higher voltage is inverted into alternating current (ac), then the load gain power from the distribution box. Compressor makes loop heat medium flowing. In the evaporator, medium absorbs heat from the air. In the condenser, media releases heat and heats the water at the same time. Circulating pumps convey hot water to the tank and the hot water is stored in the water tank. Water conveying pump convey hot water to the fan coil in the heating room.
Alternating current comes from grid and flows past a transformer and rectifier filter circuit, it is converted to a DC voltage. This DC voltage equals to the voltage value offered by DC booster circuit when photovoltaic array has the lowest solar radiation intensity. When DC booster circuit's output is higher than the reference value, photovoltaic array provide electricity to the loads. Otherwise, grid smooth switch into. The system abolish the battery energy storage system, greatly reduce the initial investment and the operation costs of the system, and there is no secondary pollution problem produced by battery recycling. Figure 1 . Structure of the system Figure 2 . Energy balance of the air-source heat pump
ENERGY SAVING PRINCIPLE OF AIR SOURCE HEAT PUMP
Air source heat pump takes the low temperature heat energy that contained in the air as heat source, then achieves the goal of absorb heat from outdoor. It mainly includes compressor, evaporator, condenser, thermal expansion valve, filter, medium storage tank and other device, the structure is shown in Figure 1 . In the air source heat pump, the temperature of the liquid medium is below -20°C. At work, medium continuously completes the working process of evaporation, compression, condensation and throttle. The work cycle continues; it realizes the purpose of transfer heat from outside environment to the water.
When heat pump is working, the medium absorbs the heat that contained in the external environment through the evaporator. At the same time, a part of electrical energy that consumed by the heat pump is converted into heat energy also. Thus, compared with traditional heat providing facilities, the energy conservation of air source heat pump is more remarkable. The energy balance of air source heat pump is shown in Figure 2 .
CONTROL EFFECT OF POWER CONVERSION
As shown in Figure 1 , the air-source heat pump heating system based on photovoltaic generation complementary with grid is established. Three-phase current waveform of the load is shown in Figure 3 . It is clear that when power supply is changed from photovoltaic to grid, the distortion of the load's current is small, and the system keeps running smoothly. 
ECONOMY ANALYSIS OF THE SYSTEM
In December 2014, the temperature of the heating room is set to 18°C, electricity bills according to 0.5 yuan/kWh, daily power consumption of the system and daily heating cost for every square meter is shown in Figure 4 . Winter heating period is 150 days, the charge standard of central heating is 28 yuan/m 2 , and the cost of traditional central heating system is 0.187 yuan / m 2 /day. As shown in Figure 4 , the air source heat pump heating system's economy is superior to traditional central heating system. December 1 to 7 are system's test stage, system is not used to heating the room, so the power consumption of the system is small. 
